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Beference to the Qeneva Calostylis, Linds., and Moseleya,
Qaekh. By Henry M. Bernard, M.A. Cantab., F.L.'S.

[Plate I.]

The task I have set myself is to sketch what appears to have
been the leading features in the evolution of the Madrepo-
rarian skeleton. The researches on which the arguments are

based have been almost entirely limited to the skeleton, not

because the importance of a close study of the soft parts is

not recognized, but because, for the attainment of accurate

results, the widest possible survey of homologous structures is

indispensable. This condition can never be supplied by the

soft parts. They can at the most be studied in a few recent

specimens, whereas the vast majority of tiie forms presented

by the Madreporarian system are fossil. Further, let me
add in passing that I do not believe that the study of the

individual development of a few living forms can by itself

establish anything certain about the past history of the group,

for the simple reason that we cannot tell whether any special
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developmental feature is a repetition of some ancient con-

dition or a recent adaptation*. As I have already often

maintained, lines of pliylogenetic growth can only be satis-

factorily established by the discovery of connected series of

variations, morphologically and chronologically arranged.

The skeleton alone can supply us with such series, and that

of the corals probably with a more complete series of forms,

extending /rom the Palceozoic era to the present day, than will

ever be obtained of any other animal group. Whether, there-

fore, the skeleton be of great or of little importance in itself

in the morphology of the corals, it alone supplies us with

what we want' —a continuous series of homologous structures.

On this account alone, then, when our aim is taken into

account, we are obliged to confine our attention to the

skeleton.

As a matter of fact, the skeleton is of paramount importance

in the coral organism. Tiiere is a sameness in all the soft

parts which limits their morphological importance in any
comparative study. Their chief variations may, for practical

purposes, be said to be repetitions of the variations of the

skeleton which they secrete. The skeleton is, par excellence,

the chief structural feature of the coral, its relation to the soft

parts being extremely simple. It is, as we now know, thanks

to the researches of von Koch, Heider, Fowler, Bourne,

Ortmann, and Miss Ogilvie, an excretion of the basal parts

of the outer wall of the body, and hence morphologically it is

external to the organism. At times very complicated, it is

an organ of protection and support for the body of the polyp,

or, in colony formation, for the colonies of polyps, the polyps

themseh^es, thus protected, having, as a rule, remained simple

and primitive. I'he corals, indeed, present us with a group
of organisms still primitive enough to illustrate the fact that,

of the earliest niorphological modifications of the living

matter, skeletal formations were the most pronounced. This
is strikingly exemplified by the Foraminifera and Kadiolaria,

in which there is a wealth of skeletal formations with little

or no visible variation of the soft matter. Again, in the

sponges the skeletal variations far outrun those of the soft

parts. The same is true of the stony corals.

In what follows, therefore, I shall make no detailed refer-

ence to the soft parts or to the excellent work which is being-

done with their help by Dr. Duerden towards the elucidation

* N. Guldberg and Nansen, " On the Development and Structure of
theAVhale," Bergens Museum, 1894, p. 39; also Sedgwick, Proc. Fourth
luternatinnal Congress of Zoology, 1898. p. 74.
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of tl)e same problem as that which here interests us. I shall

confine myself solely to showing- how some of the chief

transformations of the skeleton can be linked into series and
how, in a few cases, the causes which led to those transforma-
tions are apparent. We are justified in hoping that the

conclusions obtained from the cojitinued studies of the soft

parts on the one hand and of the skeleton on the other will

ultimately coincide.

I wish to make it specially clear that only a few of the
lines of modification can be dealt with, but those few, being
some of the earliest, are, I believe, the most fundamental and
important for the elucidation of all the later transformations

of the coral skeleton. To deal with the whole of these latter

would be to write a complete systematic account of the stony
corals. This is the aim of the great catalogue now being
prepared and published by order of the Trustees of the

British Museum, and must be a work of years *.

The researches of the writer in reference to this work so

far hardly entitle him to speak with confidence on any other

of the larger divisions than the Perforata ; no other has as

yet been systematically dealt with by him, at least in the

thorough manner required for a British Museum Catalogue.
It would not, however, have been possible to discover the

morphology of tliese highly specialized Perforate forms
without a study of and constant reference backwards to earlier

and simpler types. In this way certain lines along which the

stony corals have travelled, viz., those leading from the most
primitive to the most specialized, have been growing clearer.

* The last attempt to deal ^ith the whole of the coral system in the
' Hist. Nat. des Coralliaires ' of Milne-Edwards aud Haime, completed

iu 18G0 by Milue-Edwaids aloue, was founded on comparatively small

collections aud written at a time when the relations between the skeleton

and the polyps were not understood. The excellence of the results which
were nevertheless obtained is, on the one hand, a tribute to the genius of

the great French naturalists, and, on the other, a witness to the compa-
rative unimportance of the polyp, morphologically, as compared with the

skeleton.

The new catalogue projected by the authorities of the British Museum,
and rendered necessary by the immense increase in the collections due
especially to the sending out of scieutitic expeditions, was started in 1876,

but was interrupted by the death of Dr. Briiggemann, who was engaged

for the purpose. After fourteen years Mr. George Brook undertook the

work, but again death intervened soon after the tirst volume was published

in 1893. Two years were again lost, when the present writer was
appointed to continue the work. There are now four volumes published,

aud the fifth is rapidly approaching completion. Each volume is practi-

cally a monograph of one, or at the most two, genera, and, like the earlier

attempt of Milne-Edw^rds and Haime, it now describes the fossil as weJl

as the recent forms.

1*
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The following pages sum up the principal conclusions he has

arrived at.

The most important stage to establish in an evolutionary-

history is the first, or that which we may consider as the

first, inasmuch as from it all the modifications we wish to

compare can be deduced. Tlie first stage in the evolution of

the coral skeleton was first dimly recognized by me in the

minute sowcer-shaped cups of young Madreporidan colonies

—

so young as to consist only of a parent calicle and one or two

daughters. In none of the Madreporids have I yet found the

earliest stage in which the cup containing the parent alone

was CMjo-shaped. Such a stage, however, may be legitimately

assumed.

The discovery of such colonies made three points clear to

me :

—

1. The parent calicle of a colony rises out of a basal cup

—

the Peototheca *.

2. This prototlieca is not a composite structure, but a

morphological unit, the rim of which can be bent up, flattened

completely down, and indefinitely expanded in any direction

as a film, from the upper surface of which, as originally

from within the cup, the coral skeleton arises.

3. This film is the EpiTHECAf.
These conclusions received complete confirmation from a

study of the Palaeozoic ioxniFavo sites and of its modern
descendant Alveopora. I have already described and figured

the prototlieca of the latter genus |. Its rim, as shown in the

figures referred to, does not usually flatten down, but grows
upwards and outwards to form the irregular film-like invest-

ments characteristic of the colonies of this genus.

In both cases —that is, in Madreporidai and Favositid^
alike —it was easy to see the bars of the intracalicular skeleton

rising directly out of the wall of the cup as internal projections

from its surface ; this point is of importance, because

von Koch, whose developmental researches also revealed to

him the prototheca, was led by what he saw to regard it as a

composite structure consisting of a hasal portion (" Basal-

* Lindstrom suggested the word " initium " for tlie earliest cup-like
skeleton

;
the term " prototheca " was suggested to me in conversation

by my friend Prof. Jeffrey Bell.

t The fact that the skeletal elements rise from the surface of the
epitheca was pointed out by Martin Duncan in 1884 (Jouru. Linn. Soc,
Zool. xvii. p. 361) as indicating the importance of that element of the
coral skeleton.

X Journ. Linn. Soc, Zool. xxvi. 1898, p. 49o, pi. xxxiii.
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platte," sole) and of a peripheral portion [epitheca). This
appears, however, now to have been a too literal rendering of

the facts of his observations, for no one who had seen several

of these epithecal saucers of different sizes and with edges
turned up to different heights at different curves, and the

skeletal bars springing indifferently from the sides and the

base, could possibly divide it into a basal and a peripheral

portion.

Besides, in a young saucer-shaped colony it is obvious that

the turned-down side (the " epitheca ") of the parent becomes
the "basal plate" of the daughter, and in this successive

flattening down of the rim we can see the explanation of the

characteristic wrinkled appearance of the supporting epitheca

of so many horizontally expanding corals, whether single or

compound. Each furrow represents a pause in the outward
growth long enough to allow the rim of tl)e widening saucer-

shaped epitheca to grow upwards a short distance. The
next period of growth carries it downwards and outwards
again. This process has been actually seen by Lacaze-
Duthiers * in the development of BalanophijUia regia. This
writer observed three attempts of the basal secretion of the

larva to turn up to form a cup or " envelope calicinale," but

they were always futile ; the septa overran them and the edge
was flattened down again and continued as a basal secretion

{cf. PI. I. fig. 10).

Before continuing with the history of this prototheca —that

is, with our account of some of its earliest modifications —it

will strengthen our argument to mention a few instances in

which earlier writers have come near to recognizing this

identity of the prototheca with the epitheca. As we might
expect, such an identification would be more probable in

relation to Palaeozoic forms, in whicli the primitive cup
remained longest in evidence and had not become so distorted

and masked as it is in the majority of the modern forms.

Milne-Edwards f, in describing the Palaeozoic genus Za-
jihreyitisj which, from its appearance in time, might have
been expected to have retained the prototheca^ says that it is

completely surrounded by an epitheca. Nicholson could not

distinguish the epitheca of these same corals from the wall.

Miss Ogilvie \ declared that in Zaphrentis the epitheca
" supplied the primitive base and periphery in one," and
again that the primitive wall of corals was epithecate ; and

* Arch. Zool. exp^rimentale, (3) vol. v. 1897, pp. 179-183 & 230, pi. x.

figs. 19-24.

t ' Les Coralliaires,' iii. p. 335 (1860).

X rhil. Trany. 1896, p. o2Q &c.
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again the same writer recognized the wall of Zaphrentis as

''euthecate," which means that the persistent prototheca in

these early corals is the entheca or true primitive wall of

Heider and Ortmann, as compared with which all other thecae

are secondary. To this last opinion we shall return.

Mention should also surely be made of Ludwig *, who, so

long ago as 1866, attempted to found a classification upon

his recognition of the prototheca as the primitive shell

(" Gehiiuse ") of the coral polyp. But beyond the interest

attaching to the fact that he thus emphasized the importance

of the prototheca in Madreporarian morphology his work has

no value, for he was led astray in his further analysis by a

fancied analogy with the shell of the mollusk.

In the present paper, then, we start again from the recog-

nition of the prototheca, but this time, avoiding Ludwig's

mistake, we shall try to analyze some of the actual modifica-

tions which this primitive coral skeleton has undergone in the

progress of its evolution. So far from being as simple as

Ludvvig appears to have assumed it to be, it is a task of

considerable complexity to follow and of no small ditficulty to

describe. This paper, indeed, was begun five years ago, and

has been frequently rewritten.

As I have shown, those parts of the coral skeleton called

epitheca must for the future be referred to the rim of the

prototheca. This seems simple and clear now, but in the past

the epitheca has been the stumbling-block of coral morphology.

It has been this for the very reason that it waited for the

discovery of the prototheca before there was any possibility of

its elucidation. The fact of tiie confusion in the prevailing

views as to what the epitheca is is familiar to every coral

student. For instance. Prof. Gregory, of Melbourne, after

all his years of work at corals, characteristically summed up
his despair of ever making anything out of it by declaring

that " there was no part of the coral skeleton over which
more time had been wasted " '\. This attitude and that

which is taken in this paper are poles asunder. Between
these two, authors and text-books hover. None are so bold

as Prof. Gregory, yet none have succeeded in formulating an
intelligible doctrine.

We may here state that there is ample excuse for this

confusion, for even now that we know that the epitheca, as it

occurs in the majority of specimens, is only an extension of

the rim of the original cup, still in each case the problem as

* ' Palfeontographica,' vol. xiv.

t Pal£eontol. Indica, ser. ix. vol. ii. p. 11 (IDOO).
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to liow this can be requires unravelling. It may, for in-

stance, be the rim extended indefinitely and continuously as

a chalky film round a colony (e. g. Aheop ira), or, again, it

may be discontinuous and represent the separate riins of an
aggregation of corals, each with its own cup, as in so many
Palaeozoic forms. In this case it depends upon the way in

which the corals are aggregated whether the rims are easy or

difficult to recognize. Add to these difficulties the fact that

apparently any part of the surface of a polyp may dis down
and secrete a calcareous film * which is purely adventitious

and has no morphological significance, and it is obvious that

until we had a key to its elucidation the epitheca could not

fail to be a source of bewilderment.

Diagram 1 (PI. I.) shows the three earliest growth periods of

a primitive Madreporarian skeleton. All that we see is a deep
cup with three tabular floors. The process is explained in

diagram 2, in which we see three cups progressively modifying
their shapes. The lowest of these is the prototheca in the

strict sense of the word f, but it is advisable to apply the

term to all simple repetitions with free edges. Fig. 2 is so

far diagrammatic, inasmuch as with cups of this shape it is

impossible to say how far the rim of each cup extended before

the soft parts of the base of the polyp became detached from
the base of its prototheca. Cases, however, do occur in

which the change in the shape of the new thecee was rapid,

and for this and also for other reasons the rims of the separate

* The formation of calcareous films somewhat irregularly over the skin

of corals is hardly to be wondered at. The prototheca was but the

primitive secretifin of the basal portion of the polyp, forming- a protective

cup into which the animal could retract the oral and exposed end of its

body. Above the rim of this cup calcareous secretions were not usual,

otherwise they would have interfered with the process of retraction, but

the power of secreting them was not lost. Indeed, some forms actually

secreted lids, which, when the polyps retracted, closed down over the

prototheca {Cnlceola, GmiiophyHum). A histological difference between
these secondary films and true epitheca may sometimes be noticed. The
former may be built up of separate plates, each of which starts round
some point of the skeleton and grows by concentric increments.

t The prototheca is here drawn quite diagrammatically. Figure 8,

after Lacaze-Duthiers, is one of the best figures from life. My own
figures, already referred to, of a young Alveopora are of a prototheca

somewhat distorted. Theoretically we might expect a slight constriction

above the flattened sac, for as the soft larva settled down we might
expect its aboral end to flatten out somewhat wider than the neck
carrying the oral disk and tentacles. The base of the second prototheca

might eat;ily be rounded or pointed, for it would hang down in the

hollow of the prototheca proper. The later development of convex tabulaj

and vesicular dissepiments may have been due to the jjuUs of mesenterial

nuiscles.
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cups may be distinguishable. For instance, the development

of exsert laminate septa may lift the cups above one another

(see PL I. figs. 3, 11, 12).
'

Fig. o refers to Month'valda, of especial interest because it

uas the irregular bands of epitheca round specimens of this

genus A\ hich induced Dr. Gregory to give up this element of

the coral skeleton in despair. We sliall now show that an

understanding of these bands is essential to a true insight

into the morphology of the skeleton.

It is frequently stated * that in MontUvaJtia there is

epitheca, but no theca. There was, however, certainl}^ a

prototheca, and examination of the coral shows that the

successive prototheca^ gradually flattened out until, after

reaching a certain size, they formed a series of flat saucers

(tig. 3, f, e, e . . .) of nearly uniform size, and piled up one

above the other as tabular with edges which may either only

just reach the surface or be bent sharply upwards to varying

heights according to the accidents of secretion. On the lett

of the figure a few of the septa are shown supporting and

raising the successive saucers above one another. The septa

of each pol} p continue those of that which went before it, so

that these radial structures naturally run up continuously

through the whole skeleton. On the left of the diagram the

saucers alone are shown in optical section as a series of flat or

wavy floors with turued-up rims.

Here, then, we have the three facts necessary for the

understanding of the case in hand :

—

1. A series of shallow thecte or protothecal saucers ending
abruptly at the surface or with edges bent up externally.

2. 1 he septa which, being exsert, support and lift these

saucers above one another, so that, while the septa are con-

tinuous, the rims of the cups may be free and separate, or,

when bent up, may run together as irregular epithecal bands.

3. Ihe extreme irregularity of the bands is due to the want
of uniformity in the height to which the secretion of the rims
of tlie saucers, if bent up, extends.

These three factors fully explain the puzzle presented by
the epitheca of MontUvaltia.

It is obvious that in diagram fig. 3 the saucers might
contain not single polyps, but gradually expanding colonies

* -£"• il; ty 3[iss Ogilvie {I. c. p. 158), wlio, however, followed Milue-
Edwards aud Haime, -who wrote with refereuce to Amplci-us, iu which
the succession of saucer-shaped protothecfe is very prouounced :

—

" Quelquelbis meme la nmraille paiait niauquer et le polvpier ii'est

constitue que par une serie de cornets ties erases et naissaut les uus
au-dessus dcs aulres " (Ann. fcici. nat. (o^) ix. p. 8-i, 1848).
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(cf. the minute colonies of Madreporids already mentioned).

Such series of gradually expandino- colonies might grow into

columnar or massive stocks widening at the top. In all such

stocks the tabulae which run through them must he regarded

as the floors of successive saucers. This is well exemplified

in the genus Goniopora, as I have already explained *. In
this genus too we have, as we have in Montlivahia, irregular

bands of epitheca running round tlie stocks. These are the

rims of the protothecal saucers showing irregularly at the

surface. In Alveopora the rims all run together to form
continuous epithecal investments^ except, perhaps, in their

branching forms, in which the prototheca3 may be lifted up
above one another by the growth of the spiny septal skeleton.

For an understanding of the morphology of the coral

skeleton we must bear in mind that essentially the same
process, viz. a succession of epithecal cups or saucers^ occurs

throughout the whole of the Madreporaria. Tliey may be

simple conical cups fitted one into the other {Zaphrentis) or

flat plates piled up {Montlivahia, Goniopora) , or their epithecal

floors may be thrown into complicated folds and both the

cup and its repetitions may be difficult to unravel, but the

fundamental principle is the same throughout. Tliere is only

one group I can think of in which the epitheca is not nor-

mally repeated, namely in the highest Madreporids

—

Madre-
ptora, Turbinaria, Montipora, Astrceopora, and their simpler

ancestors the Eupsaramiids. In these the purely septal

skeleton rises rapidly above the original flattened prototheca

which is then left behind. This is the reason of that well-

known characteristic of these forms that the calicle cavities

run continuously for long distances through the skeleton.

Werepeat, then, for the sake of emphasis that wherever
the epitheca occurs it represents the rim or the coalesced rims

of one or more protothecal cups or saucers, tiie floors of which
are represented by the tabulae. In any individual case the

tabula below the living layer is the n\\\ repetition of the

original prototheca of the parent polyp.

The main problem, then,, of the student of coral morphology,

that is, taking the skeleton alone into account, is to trace the

various moditications of the prototheca from its earliest simple

cup stage to the many different shapes and positions it now
assumes and occupies as part of the coral skeleton.

Roughly speaking, we may say that there are two periods

in the evolution of the Madreporaria —that in which the

prototheca, though modified, remains in evidence, and that in

* Vf, vol. iv. Brit. Miis. 3Iadiepor;u-ia, p. 2-1, diagram A,
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which it lias disappeared from view or is difficult to unravel.

Only in the few Madreporids (the chief families of the

Perforata) above mentioned can it be said to have been aborted,

and then only in a limited sense, for the whole coral skeleton

is its product. If the original rim of the cup is replaced as

the edge of the theca by new thecse formed either by the

rising up of concentric folds from its floor or of radial plates

from irs sides, or by complicated combinations of these two,

these new thecse are strictly infoldings of the prototheca.

The prototheca, then, however obscured its early cup shape,

being replaced by secondary cups produced by its own
infoldings, remains throughout the fundamental element in

the Mudreporarian skeleton.

I propose here to trace some of the more obvious trans-

formations of the prototheca, treating them entirely morpho-

logically —that is, simply as forms which admit of explanation

and deduction from simpler forms, and without regard to their

real phylogenetic sequences.

The working out of these latter —that is, the attempt to

discover the real places of these transformatory processes in

the genealogy of the Madreporaria —must be a work of time.

I am convinced, however, that it will at once give a new and
much needed interest to the student of the stony corals.

Werelurn, then, to our simplest form (diagram fig. 1). It

shows us a conical cup standing on a flattened slightly ex-

panded base and gradually thickening upwards. The problem

cf increasing instabiliti/ must obviously have been one of the

first which the polyp inhabiting such a skeleton had to solve.

1 shall endeavour to show that the earliest divisions of the

Madreporaria were due to the different ways in which this

problem was solved.

I. Falling over and recovery of the upright position. —The
simplest of all methods was to fall over so that the flesh of

the polyp could come once more into contact with the sub-

stratum and secrete a new cementing layer where it touched.

From this new base the polyp could bend upwards once more
securely attached. The following is some of the evidence

which shows that this actually took place :

—

{a) The earliest period is specially characterized by the

great number of single corals which are conical but curved.

The curve is exactly what is required ; that Is, it is most pro-

nounced at the tip, e. g. Zaphrentis, Menophyllum, &c.
{b) All these curved corals have what is known as a fossula,

that is a deep depression within the calicle and most frequently

on the convex or what is called the " dorsal " side. The
fossula has a very simple explanation, if the assumption of
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tlie falling over is correct (see diagram fig. 4). As the soft parts

detach themselves from the base of the prototheca they might
be expected to bag down, and they will continue to be acted

upon by gravitation and drawn over towards the convex
side of the coral until the vertical position has been regained.

It is possible that this bearing over to the side may be due to

the efforts of the polyp itself to bend up, but gravitation is a

causa efficiens.

In some forms, however, the fossula is not on the dorsal,

but on the ventral side. There is abundance of scope for

variations of all kinds : a deep cup (that is, the cup of a

polyp which grew very slowly in width, for instance) would
lie very prone and its fossula would fall over to the dorsal

side (diagram fig. 4); but a shallower more open proto-

theca (that is, one in which the polyp grew very rapidly

in width) would, in the prone position, have one (the

''ventral") wall nearer the vertical, and this would keep
the skin of the point while it hung loose for the while near

the ventral side, and the fossula would consequently also

appear on this side (diagram fig. 5) *.

(c) The falling over of the prototheca will explain the

departure from a strictly radial symmetry of the septa seen in

these curved Paleozoic corals. It is obvious that, as the

coral is bending to the vertical, seen from above, the septa

would have the arrangement shown in diagram fig. 6, which is

after the classical figure of Kunth showing the septal formula

typical of the group called Rugosa. The position of the

fossula with relation to this modification of the septal arrange-

ment shows that this is the true explanation. Further, it has

long been known that, as such corals gradually reacquire a

vertical position, the septal arrangement slowly gives up the

bilateral and returns to the radial symmetry. Thus the

character on which it was proposed to found a great division

of the stony corals was nothing but a slight mechanical

* This is not the first time that tliis orig-in of the fossula as a repetition

of the tip of tlie prototheca has been recognized. Lud wig's figures made
it quite clear in 1866 (" Corallen aus palaolithischen Foimationen,"
Palieontographica, xiv. 1866). But, regarding the skeletons as analogous

to the shells of mollusks, to whose shapes he thought they were adapted,

he failed entirely to understand the true character of the coral skeleton or

of the causes of its changes.
The use assigned in text-books to the fossula, viz. as a sort of crypt for

the sexual products, is probable enough, but need not have been the cause

of its origin. I fail to see the evidences for the existence of more than
one true fossula in any coral I have examined. Superficial irregularities

in the septa, due perhaps to the presence of sexual products, may be quite

distinct from the true fossula. A longitudinal section or a fracture

showing a complete tabula is the only evidence Avliich can be relied on,
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adaptation to a passing phase in the life of each individual

coral. But it is only fair to say that the whole tendency of

recent works on corals has been to discover the invalidity

of the supposed division Tetracorallia.

Into the interesting questions which this suggests as to the

value of the existing divisions of the coral:^, we cannot here

enter, but content ourselves with merely pointing out that

while |)robably all the verij earliest corals fell over and, if

they bent up again, became Tetracorallia during the process,

it is possible that many, which later had learnt a different

method of acquiring stability, might easily be knocked over

and in their efforts to become vertical again might become
Tetracorallia by accident.

{d) The falling over of the prototheca enables us to find an

origin for several groups which are usually regarded as corals,

but whose position is still a matter of uncertainty. It is quite

within the limits of probability that a certain number of these

overturned polyps in their small protothecaj should remain
prone and bud in this position. One such case we know of

for certain (see p. 28, on Heliolites). We ask whether the

creeping branching stocks of AicIopo7^a might not also have
been formed by the early budding of a parent whose proto-

theca had fallen over.

From AuJopora the genus Syringcpora might be deduced.
Syrirnjopora is said to begin with the same horizontal creeping

stock as Aulopora, and then to bend up and form its tufts of

wavy tubes freely communicating with and supporting one
another. In these erect tubes very irregular tabulae are formed
by the constant rising of the pol} p in the tube as the latter

lengthens. The very presence of tabulse and of the rudi-

mentary septa, consisting of rows of points, clearly indicates

an affinity with early Madreporaria. Add to these the proto-

thecal outer covering, and we have the same three structures

which make up an Aheopora or a Favosites. It is only their

dispositions and the relative developments of the parts which
differ *.

llalysites could also be deduced from such a prone theca by
raj id continuous budding, in such a way that the parent and
its buds bent up in rapid succession into the vertical, as
shown in the diagram fig. 7, each then continuing to grow as
a thin flattened tube. These in contact and nmtually sup-
jjorting one another would supply the typical skeleton of this

* The apparent affinity between Syringopora and Favosites has beau
pointed out by Mr. Bourne (Phil. Trans, vol. 186 B, p. 474) . But Favosites
is structurally mdistinguishable from Alveopora, and was not therefore an
Alcyonarian (Proc. Linn. See, Zool. vol. xxvi. (1898) p. 495.
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remarkable genus. WeLave the same tliree elements, proto-

tliecal tubes, tabulee, and sj)iny septa ^.

(e) The habit of tailing over is known still to occur in the

genus Flabellum.

if) Lastly, I appeal to the modifications of the prototheca

which will be described in the following pages, every one of

wdiich may be regarded as an adaptation for the purpose of

solving the problem of vertical stability, that is, how to avoid

the natural consequence of having to stand on a point while
continuing to grow in height and bulk. For we are surely

justified in assuming that the falling over at the very outset

of life of an organism intended, if we may say so, to stand

upright, would mean considerable loss of time and energy
during the reattaiimient of the upright position. Such a loss

might be expected to delay budding, and it is probable that

we may have to take this into account in our ultimate classi-

fication. Wemay have to form a group which arose from the

early budding of parents still in their prototheca? (sens, sir.),

and this would include such forms as Aulopora, Syringopora,

and Halysites, in all of which the protothecai fell over, and to

these we might add Chcetetes arising probably by fission.

Whether the prototheca also fell over in this last case I have
not ascertained. Such a group arising from parents still in

their prototheca? proper, would stand in contrast to another

group in which the budding was delayed until the polyp had
grown considerably larger and had again assumed the upright

position, and our divisions of these latter would have, in the

first instance, to be based upon the methods adopted to attain

this end.

II. Badicle -formation. —This process has been carefully

studied and described in Flabellum by Lacaze-Duthiers f. A
small portion of the lip of a prototheca bends over until it

adheres to the ground (see diagram fig. 8 a, i). I have myself
seen a similar process as an occasional thing in young colonies

of Alveojwra. It is difficult to see how the great pear-shaped

colonies in this latter genus could possibly stand upon the tip

of the original prototheca without gaining support on this

principle. Extensive droopings of the rim till it touched the

ground with subsequent bends up again are probably more
common in this genus than the formation of thin radicles.

Root-processes may come from the rims of different proto-

theca? in those cases in which the corallum is built up of a

* Cf. Fischer-Ben zon, Abhandl. wissench. Ver. Hamburg, Bd. v 2
(1871), pp. 1-23.

t Arch. Zool. exp^r. (3) ii. 1894, p. 445, pi. xviii.
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series, like those shown, for instance, in fig. 3. OmpJii/ma is

a typical case.

JBut this whole process need not detain us ; it has no serious

morphological value, being obviously a device for a certain

end. When that is attained, it has no further influence on the

shape of the skeleton *.

III. Early flattening out of the Prototheca. —It is obvious

that if, by any means, the early prototheca could be trans-

formed rapidly into a disk, a broad base could be acquired by

the skeleton which would keep it upright. It seems to me
clear that the morphology of many of the Palaeozoic corals can

be explained on this hypothesis. But the different ways
adopted of so changing the primitive conical prototheca seem

to have been very numerous, and a review of the forms from

this point of view is a desideratum. It is, I believe, along

this line that we shall find a more natural set of cliaracters for

the revision of such groups as those now included, e. g., in

the Cyathophyllidpe, than any now adopted.

In the present place I can only give a few samples, and,

to avoid doubt as to the forms meant, I propose to take

as examples certain well-known figures accessible to every

student.
" Zaphrentis gigantea,^'' pi. iv. of Milne-Edwards and

Haimes's Pol. toss. d. Terr, paleozoiques. I give this in

passing because it is interesting as a very irregular method
of acquiring a broad flat base. Diagram fig. 9 (PI. I.) shows
my interpretation of the process. It may be that the coral

did not actually become detached and fall over, but that the

method may be compared with radicle-formation, onlj^, instead

of a narrow lip, the whole side of the prototheca bent out-

wards and apparently became cemented to the substratum.

It will be seen from a comparison with Milne-Edwards and
Haimes's figures that in this diagram I am assuming what
the early transformation of the prototheca was from the shape
of the tabulffi in the adult stages; and this is, I believe,

perfectly justifiable. Unfortunately not sufficient attention

has yet been jiaid to the variations of the prototheca, which
are still to be discovered. In certain types of modifications,

e. g. those shown in diagrams figs. 11 and 12, the very earliest

* Miss Ogilvie'ssuo-gested origin of the Perforata, from a great elaboratiou

of root-processes so as to form tlie reticular coenenchyma is very ingenious.

But it is hardly borne out by the deveLipment of young Madreporidan
corals in which the cup- or saucer-shaped prototheca persists as a basal

epitheca (see p. 4), and being flattened out from the tirst has no oppor-
tunity to form radicles.
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modifications can still be easily seen ; but in others tliey arc

at once obscured, incorporated perhaps in the subsequent

stock, or, ao-ain, in others worn or dissolved off.

The tendency has been to regard the variations at the

extreme bases of those Palaeozoic corals as accidental, and hence

of no real value in classification. This view will, I hope, for

the future be abandoned and special attention be paid to any
traces which can be seen of tlie different ways in which the

early prototheca was modified. It is quite possible, indeed,

that many will be found to have been largely accidental. For
instance, such a bend over as that shown in diagram fig. 9

may have been pure accident. The same may be said of

radicle formation. More extensive comparisons, especially

from this point of view, are necessary before we can say

whether such a method of formino; a broad base as that shown
in fig. 9 became habitual in any group of early corals or not.

It is worth noting that other corals are known which adopted

it, as, for instance, the Dipterojyhylluin glans of Roenier

(' Lctha^a Geognostica,' i. p. 371).

More interesting, however, than these irregular, one-sided

bendings over are those which took place more or less symme-
trically all round. The most perfect of these methods, and, I

believe, one of the most recent, is certainly that in which tlie

edge of the prototheca is very early bent down, that is before the

cup has any real depth, as already described above (see p. 5)
as being the case in the Perforata. The successive bendings

down and attempts to bend up again of the edge of this proto-

theca will, as we have seen, account for the successive

wrinkling of the flattened epitheca (see diagram fig. 10). The
Perforata owe their leading characteristics to this fact, that

upon their flattened prototheca or epitheca a purely septal

theca arises, and as the polyps bud the new thecae are also

septal and may mount upwards to form enormous stocks

built entirely out of radial septa mutually supported by con-

centric synaptacula3, leaving the ej)itheca, as in Turbinaria^

as a film beneath the base of the stalk.

On the solution of the question as to when this very early

flattening out of the prototheca arose depends that of tlie first

appearance of the Perforata in the coral system. We get

what appears to be a flat, very wrinkled epitheca in Cyclolites

of the Secondary epoch, and again still earlier in the Palseozoic

Palceocyclus. But an examination of specimens of these at

once shows that their flattened epithecae were not continuous as

in fig. 10. In Palceocyclus the conditions may be represented

by the diagram fig. 11. and for Cychlites by diagram fig. 12,
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tlie tabular in this latter case being represented internally by
vesicular dissepiments*. In these cases, then, instead of

there being one continuously expanding prototheca, there was
the usual repetition of prototheca which is so patent in the

Palseozoic forms and still persisting, though disguised, in all

corals. Even in the Perforata with tall conical septal calicles

it must occasionally reappear, while in forms like Porites and

Goniopora it is very marked (see above, p. 9).

These diagrams (11 & 12) are instructive because we see in

the Silurian Palwocyclus that the original conical shape of the

prototheca was not yet quite got rid of but persisted as a kind

of stalk, whereas in Cyciolites it was quite flattened out. The
process of flattening was apparently a slow one, and we
may assume that the earlier forms always started from a deep

prototheca, however rapidly (as in tlie case of Pakeocydus, for

instance) the following protothecDe may have flattened out.

Only in time was the flattening-out process so antedated that

the very first larval prototheca appeared as a flattened saucer.

And then, again, it was necessary to wait for the development

of a septal theca to take tlie place of the flattened prototheca,

before the latter could be left to grow outwards continuously

as a mere basal support. One factor in bringing about this

gradual flattening of the prototheca, as seen, for instance, in

Cyciolites, might perhaps be seen in the delaying of the

secretion of the rigid walls of the cup, whicli was probably

rendered possible in the case of those forms ^^hicll produced
well-developed radial or septal thecse, the formation of which
might, in the early stages, use up the available material !•

There was, therefore, apparently a long period during

which the rim of the prototheca was undergoing modification

in the direction of bending outwards and, if one may so

describe it, a period of uncertainty and hesitation. I am
convinced that the gradual steps by which the various flattened

* Tabulae are secreted when the whole basal skin becomes detached at

once and secretes a new coutiuiious floor. Dissepiments are the secretions

of portions of the skin coming loose at different times. Wemay see two
reasons for this partial detachment, and, these if correct, would throw
some light on the distribution of vesicular dissepiments : —(1) the mus-
cular attachments of the mesenteries buried in tlie skeleton maj hold the
skin down at definite spots

; (2) the original floor becomes divided up by
radial septa, and thus the skin could not come off in one continuous
sheet.

In Cyciolites the rims of the tabulae, the internal parts of which are
broken up into vesicular dissepiments, can be traced round the corallum
as sharp lines (see fig. 12).

t Lacuze-Duthiers, /. c, found that the septa could be the first skeletal

elements produced in developing Perforates, whereas phylogeneticallv the
prototheca came first.
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prototliecae were brouglit about deserve mucli more attention

than has ever yet been bestowed upon them. While I would
not deny that the rise of the radial ingrowths from the inner

(or upper) face of tlie prototheca, that is the septa, on which
Milne Edwards's classification is mainly based, may not supply

during this period the best taxonomic characters, I still do

not think that the variations in the curve of the prototheca!

rims, or, in other words, the shapes and dispositions of the

tabulce, can be so completely ignored as has hitherto been

done. A few examples will show what I mean.

Diagrams figs. 13 a-/ show some of the forms assumed by
the prototheca of adult single Palaeozoic corals. They were

built up of series of such prototheca^ fitting into one another

and usually raised above one another, sometimes by septal

folds or ridges, sometimes by vesicular arrangements of the

tabulae of whicli only the edges showed clear and sharp, or

sometimes the sloping sides being vesicular, while the more
or less flattened bases are smooth.

It is impossible now to say how far these foldings outwards

and downwards of the rims are of the nature of accidental

variations. But until we know I can hardly think it right

to ignore them so completely as has been done, say, in the

genus Cyathophyllum as given by Milne-Edwards and Haime.
For instance, we find specimens called Cyathophyllum which
show the prototheca of the shape given in fig. 13 a (e. g.

C. /MrJi'««^wm,Goldfuss*, said by Milne-Edwards and Ilaimef
to be C. ceratites, although they themselves give a figure

of it which appears to have the prototheca of the form 13 A).

Again, Goldfuss [l. c. fig. 8 d) gives other figures of his

C. turlinatum with prototheca 13 c, while his C. ceratites

(pi. xvii. fig. 2 h) is shown witli prototheca 13 d, with tabulate

floor and vesicular sides. This latter M.-Edwards and Haime
called C. Decheni with the same form of prototheca as their

C. BouchardiX' C. heterophyllum § aj)pears to have a proto-

theca of the form, 13^. Goldfuss again gives a Cyatho-
phyllum helianthoides (in his pi. xx. fig. 2 e) with the same
prototheca, 13 e, as that given for the genus Ptychophyllum.

It is quite true that considerable variation in the slopes of

these flattening rims may be expected. For instance, in

Goldfuss's figures of C. helianthoides, just referred to, some
have the prototheca 13 c, others wih rims even more convex

* Potref. Germ. pL xvl. fig. 8 a.

t Brit. Foss. Corals, pi. 50. fig. 2.

X Pol. foss. Terr. pal6ozoin[ues, pi. x. fig. 2,

§ Ibid, pi, X. fig. 1.

Ann. dl- il%. N, Hist. Ser. 7. Vol. xiii. 2
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than 13 f. And again variations of curve are seen in the

fio-ured section of Chonophyllum perfoliatum'^ with proto-

theca 13 &.

Thus at the very oiitset we find ourselves face to face witli

the crux of all systematic work : What is the taxonomic

value of these slopes and curves of the rim in any individual

case ? We know from Mr. Pace's observations f that great

variability in the openness and flatness of the calicle can be

correlated with the degree of miiddiness of the water. The

sediment runs more easily off a coral with a flattened open

theca than from one with a cup-shaped theca. Then, again,

we are justified in assuming that these forms were developed

in each case by slow modifications of an originally deep pro-

totheca (age, therefore, may have something to do with the

form) j and, lastly, we can imagine many different accidents

which would tilt or depress such rims.

Nevertheless we have a structure of fundamental importance

in the coral skeleton, and the form-variations of this structure

may justly claim to take the first taxonomic rank. But how
are we to distinguish those of importance from those which

are accidental in individual cases ? Tlie matter is further

complicated in the case of these ancient fossils, because the

transition-forms are preserved equally with those which have
passed over finally to some well-defined type. It seems

fairly clear that classification of such forms must be attempted

on wholly different lines from that still in vogue. Before

any form receives a name we should satisfy ourselves by a close

study of series that it embodies some new principle of struc-

ture. Three or four such distinct principles can be gathered

from the forms of the prototheca given in Pi. I. diagram Via-g.
In a the rim continues to show no sharp bend downwards, and
is distinct from that in which the rim tends to bend out so as
to form an open dish either as 13 c or 13/; and both these

differ from the sharper curve of the edge all round (13^).
Fig. 13 h, in which the edge bends rapidly over and then either

hangs straight down or shows a tendency to curve up again,
seems to me to be very easily distinguishable from 13/", for,

even though the two might possibly pass into one another, a
smooth curve and a sharp bend are very distinct.

I propose now to leave all but one of these early variations
of the prototheca, hoping that I have said enough to claim
greater consideration for them in all future work on Palreoaoic

* Brit. Foss, Corals, pi. 50. fig. o. The section perhaps does not run
true.

t Ann. & Mag^. Nat. Tlist. ser. 7, vol, vii. (1901) p. .^85.
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forms. Fig-. 13 h, liowever, Is of very great morpliological

interest and demands some further attention.

In tlie first place, it sliou's a simple and very efficient

method of enabling- the skeleton to stand upright. It differs

from the radicle-formation in that the lip bends over all round.

The septa which come over the lip run down on the outside

just as we know that they run down inside tlie radicle (see

fig. 8 h). It is also obvious that the flesh of the polyp must

have clothed the outer surface of such a tlieca, which is no

longer the outer surface of the prototheca. To the flesh thus

hanging- over Bourne's term " perlsarc" may be applied, and

lower down we will compare it with, and distinguish It from,

another principle of structure which also involves the forma-

tion of a perisarc. A calicle built up of a succession of such

protothecfe as those now under discussion, one fitted inside

the other, as in diagram fig. 1, would have a rib-like arrange-

ment of septa running down on the outside ; but in this case

one would expect to find traces of the hanging rims appearing

irregularly one above another as whole or portions of rings

round the corallum. They woukl appear to be drooping or

perhaps even show a tendency to curl up again.

It is because no such epithecal rims show in the fig. 2, pi. 50,

' British Fossil Corals,' that I doubt whether its prototheca

has this form (13 h) or belongs to the type I shall presently

describe as also depending upon the formation of a perisarc.

This point, then, may b3 left for the present. It is clear at

any rate that its true place Is nowhere among the Cyatho-

phyllid?e.

This form 13 7i Is of special importance, however, for the

understanding It gives of the morphology of the Silurian

CalostjjUs as developed by Lindstrom.

This coral has been announced as a Palaeozoic Perforate,

and this claim has had to be dealt with for the British

Museum Catalogue, the first section of which, it is proposed,

shall deal with the Perforata. As I have shown above, the

true Perforates were only possible when the prototheca was

flattened out as shown In diagram fig. 10. When thus flat-

tened the septal ridges towered up above it and free of its rim,

carrying on the skeleton by themselves alone. The thecai

being constructed solely of radial plates and their synapti-

culse were necessarily porous. In Calostylis the prototlieca

was not flattened out at all, but folded as shown in 13 h, and

the septa were not laminate, but appear to have been repre-

sented by a compact mass of large, irregular, rounded or

subangular nodules, arranged roughly in radial rows. These

come over the edge of the thecal fold and extend down to tho
9^
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lim of the prototbeca. The compact layer of septal nodules

on both the inner and outer surfaces of the calicles cause the

walls to look as if they might be perforated —as if the deep

depressions between adjacent nodules might run right through. •

Eut this they do not do. One of the chief puzzles of Calosti/Us
^

has been how to explain the pendent tongues of epitheca )

which hang down irregularly and at intervals round the
\

corallum and sometimes bend even slightly outwards. There
i

can be only one explanation of them, and that is supplied us

as soon as we have unravelled the modifications of the proto-

tbeca and recognized that its rim was bent in tiie way shown

in this diagram. I repeat it was of importance to have this

point settled, for a Silurian Perforate was a difficulty which
i

the British Museum Catalogue had now to dispose of one way
or the other.

Turning from this to a somewhat kindred point which has too

long been waiting for solution, and which may be partly dealt
^

with in this connexion : Mr. Quelch* has raised the question as

to whether the Palaeozoic Cyathophyllidse are not still surviving

in the form which he has called J/ose/eyo. It is quite true that

we have in both cases skeletons built up of the same elements,

and at first sight similarly disposed. It has already been

pointed out by Mr. Pace that some of the suggested resera-f

blances of Moseleya to a Cyathophyllum have no value, such!

as, for instance, the supposed tetrameral symmetry of Moseleya.l

But arguments based upon more or less similarity will not carry\

us far. The relationship can only be proved or disproved by an '

analysis of the principles on which the two corals are built.

It is not merely tlie fact that both have similar elements

somewhat similarly arranged, which is of importance, but the

principles of their respective arrangements. Now whichever
of the curves or series of curves of the rim of the prototheca

shall afterwards be decided upon as that which shall charac-

terize the genus Cyathophyllum, there is no question at all that

the special forms which Mr. Quelch relied upon (e.g. C. Stiitch-

huryi and C regium, at least as figured by Milne-Edwards
and Haime in the ^British Fossil Corals ') are of the pattern

13 d with the floors tabulate and the sloping sides vesicular.

Hence unless Moseleya csin show a somewhat similar arrange-

ment of tabulae or vesicles^ the relationship between the two
cannot be maintained. Nowan examination of the available

specimens of Moseleya shows a principle of protothecal modi-
fication which, in some respects, resembles diagram 13/^; but
on closer analysis it appears to be nearer that other method

* Chall. Report, xvi. 1886, p. 110.
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of perisarcal formation referred to abovCj which will be de-

scribed in detail in the next section. We shall have there-

fore to postpone the further discussion of this point for a few-

pages, contenting ourselves with stating that a comparison of

the protothecal specialization of CyathopkyUum with that of

Moseleya shows them to have been well nigh as wide apart as

they could possibly be.

One word before leaving these early flatten ings of the

prototheca as methods adopted by the early Madreporaria for

tlie purpose of retaining the upright position. It is difficult

to see how, as single corals, they would be efficient for the

purpose unless the rims managed to touch the ground and
re-cement a part of the animal to the solid substratum, and
this, judgitjg from some of the shapes assumed, does not

appear to have taken place. But what is wanted is a closer

study of the protothecse and their earliest modifications. One
advantage of early flattening out they would obtain, however;
they would grow more slowly in height, and the leverage

would not be so great. Further, if this flattening out meant
ever so small an increase in the size of tiie base of the proto-

theca, we can see that it might be of some value to the

coral, even though the rims did not again touch the ground.

The moment these flat-calicled forms begin to bud and
form colonies the advantages of the flattening become obvious,

as will be seen in another section.

IV. The Perisarc. —One of the simplest of tlie really

important metiiods of keeping the prototheca u])right was for

the soft parts to bag over all round the cup until they touched

the ground, so as to form a secondary fleshy foot. This

process differs from that shown in diagram fig. 13 ^, for it in-

volves no gradual bending over of the rim of the prototheca.

1 assume that the polyp simply overflowed the edge of the cup,

that it reached the ground, and even expanded somewhat over

the substratum all round tlie point of attachment of the

skeleton. Bince the under surface of this overhanging flesh

is a continuation of that which secreted the prototheca, it

might be expected not only to secrete a layer over tlie outer

face of the cup, but also to deposit a continuation of that layer

where it touches the ground. This latter might be thickened

to form a solid pedestal, in which the tip of the prototheca

would be firmly flxed. Tlie fleshy foot secondarily formed in

the way described may have taken almost any shape, even

sending out radial prolongations or embracing the round

stems of weeds, in which cases the solid pedestals which it

secretes would encircle such stems, fixing the corals firmly.

AVhen once fixed the coral may continue to grow in heiglit
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and size without fear of falling- over. If the rise in height is

slow the soft parts hanging all round down to the ground

may go on thickening the wall, and especially the base,

almost indefinitely, so as to keep the corallite nearly cylin-

drical. In such cases the septal ridges on the inner face of

the cup may be continued over the edge as ridges (cDstas) or

as rows of (costal) spines down the outside. On the other

hand, as soon as the base of the prototheca is sufficiently

firmly fixed the corallite may grow rapidly in height as well

as in width, and in so doing may drag the soft parts away
from contact with the ground. The latter will then persist as

the typical ^^ edge-zone'''' or '^ Randplalte'''' round the mouth

of the corallite. The withdrawal of the parts that thickened

the base while the coral grows in size leads to the latter

being turbinate.

From this point of view the typical ^'' edge- zone'' ^ is in

reality a vestigial structure ; it is the remains of the perisarc *

which in the young stage formed the secondary fleshy foot.

But even as such it may continue to fulfil some useful

function. It will always continue to leave a layer of skeletal

matter on the outer face of the prototheca, thus increasing the

thickness and strength of the latter, and it will continue to

form costal ( = septal) ridges or spines. In Galaxea advan-

tage is taken of its gradual withdrawal from contact with the

ground to secrete horizontal or arched films round the base of

each calicle. In this way the corallites of a Galaxea colony

are embedded in and supported by an increasingly thick

layer of irregular filmy vesicular tissue t-

Weare now in a position to reconcile our statement that

the epitheca, as usually seen in adult corals, is the rim of the

protothecal cup perhaps indefinitely expanded, with the

appearances which have led to the text-book statement

* I siigg'esi this distinction between Bourne's "perisarc" and the
'•' edji-e-zone " of Miss Ogilvie ; tlie edge-zone is tlie vestigial perisarc. It

is important not to confuse the perisarc wliich hangs over the solid edge
of the prototheca with the sides of the polyp of a perforate coral in which
the prototheca has been flattened down and tlie septa alone form a
secondary internal theca, and no bagging over of soft parts ever took
place.

t There is iu the Natural History Museum a specimen showing a
group of " Cciryophijllia davits^' growing ou a piece of a tolegraph-cable
from thp Caiibbean Sea (700 fath.). The individuals are near together
and their perisavcs have covered the intervening spaces with a chalky
lilm. Here and there in the angles made by the corallites with the sub-
stratum the him is raised and slopes outward and downward from the
sides of the_ coral. It is this kind of free iilm formation which ha? been
specialized iu Ga/a.ix'ct,
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that the epitheca is that part of the skeleton secreted by the

edge-zone and left on the sides of the coral as it (the edge-
zone) is drawn up with the growth of the coral. This secretion

may show periodical wrinkles or thickenings if the withdrawal
is intermittent; and it is aIso clearly epithecal, inasmuch as,

morphological)}^, it must be regarded as a doubling over of

the rim of the prototheca, as can be gathered from the diagram
(fig, 14). But this secretion is only one of many, and,

moreover, one of the most highly specialized, modifications

of the rim of the epithecal cup. Hence while it is quite

correct to call it epitheca, it is quite incorrect to define epitheca

u\ terms of this single specialization of it.

It is also clear that if the terra " eutheca " is applied to

such cups as those shown in diagrams figs. 1, 2, i, and 5, in

which the lip of the prototheca grows straight on, we want
some other term to designate a cup in which the bagging over
of the soft parts has practically doubled back the edge of the

cup, so that the fold adheres to its sides (see fig. 11). But I

would suggest that the simple unmodified theca should bo

called prototheca, while the term eutheca would be more aptly

applied to the theca which has been secondarily attached by
a solid pedestal, thickened by the extra matter secreted on its

outside, and strengthened and armed by ribs and spines. We
might call iliQwaWoi Zaphrentis, Streptelasma,&.c. (diagrams

figs. 1-4) " continuously protothecate " and that of Montli-

xmliia (diagram fig. 3), or at least of those specimens in

which the septa can be seen between the edges of successive

saucers, discontinuously protothecate.

But although this eutheca, with the meaning just suggested,

is due morphologically to a doubling of the wall of the proto-

theca by the secretion of a layer on the outside of the cup, it

can hardly be described as due to a bending over of its rim.

I conceive of it rather as due to the rapid bagging over of

the soft parts, without at the moment any actual continuous

growth of the rim, A true bending over would have been a

growth process of the rim itself (sfie fig. lo^). I imagine

that only when the soft parts had acquired their new position

on the outside of the cup that they commenced secreting the

external layer, which is nevertheless strictly a continuance of

the rim down the outside and into the basal pedestal.

This explanation of the morphology and origin of the edge-

zone throws an interesting liglit upon a very specialized and
morphologically puzzling group, viz. the small highly sculp-

tured free Turbinolidse. Their origin can now be understood

from diagram fig. 14, if wc suppose that the powers of secreting
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carbcnatc of lime were for some reason restricted, perhaps

locally *. In tliat case the outside fleshy foot might fail to

secrete a solid pedestal, and then if, perhaps owing to the move-

ments of the animal itself, the prototheca became detaclied

from the substratum, it would be completely enveloped by the

polyp and become a small internal cup-shaped skeleton. The
ribs or spines coming over the edge of the cup could then

run right down to the extreme tip of the original prototheca,

as they do in typical members of the genus. If this origin is

correct, the genus Turhinolia will have to be regarded as an

extreme specialization of the " Euthecate corals/' and can

hardly, as it now does, give its name to a famil3^

It is evident then that a considerable reshuffling of the

j\lilne-Edwards classification is required. For instance, as

has already been pointed out by Bourne, the " Turbinolidse
"

can no longer contain such purely protothecate forms as

FlaheUum and BMzotrochus, while the Euthecate corals will

have to include such forms as Galaxea, EuphylUa^ and Massa,

whicli were placed among the AstrreidEe by Milne-Edwards
and Haime. Turhinolia itself will be a specialized oft'shoot of

the Euthecate corals. It would, however, be premature to

found such morphological divisions as Protothecata, Euthecata,

for it miglit be discovered, for instance, that the metiiod of

forming a perisarcal foot round the larval prototheca has been

adopted more than once by different types of coral. Indeed,

we seem already to have discovered two ways, viz. that

shown in flg. 14 and that found in the Palaiozoic Calostylis

(fig. 13/0.
And this brings me back again to the much discussed genus

Moseleya, already referred to as that which Mr. Quelch,
Avorking on a single specimen, took to be a Cyathophyllid.

Fortunately Mr. Pace was able to bring more specimens of

Moseleya, and I have found two others in the great collection

made by Mr. W. Saville-Kent on the Great Barrier Reef. All
these specimens are Lithoi^hyllice. The only difforence that

I can detect between them and the * CJhallenger ' specimen
lies in the fact that the latter has flatter and more open
calicles. This, as Mr. Pace suggests f, may be merely an
adaptation to the mud which we gather is present in the parts

where the ' Challenger ' specimen was obtained. Examination
of the specimens with a view to discover wliat was tiie

principle of protothecal modification overlying them reveals
the type of structure shown in the diagram fig. 15. It is

* They are plentiful in the Barton Clavs.

t Ann. & Mag-. Nat. Hist. ser. 7, vol. vii. (1901) p. 385.
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essentially the same as that shown in fig. 14, but the proto-

theca was shallow and open and the soft parts had bagged
over the low walls on to the ground^ doubling them as shown
in the figure. Large wing-like septa come over the wall and
also reach to the ground or to the rim of the epitheca all

round outside. Between these flange-like septa, as they grow
upward and outward, the polyps leave one basal secretion

after another, so that both inside the cup and outside it there

is an increasing thickness of vesicular tissue. In the diagram
(fig. 15) the lines are drawn as so many distinct tabulse.

But it would hardly be expected that the successive detach-

ments of the polyp would take place simultaneously within

each interseptal loculus, right from the centre of the calicle

over the edge of the theca down to the ground. But as

dissepiments are only portions of tabulae, the diagram is the

best way of illustrating the facts. This type of structure, in

which the vesicular tissue not only rises between the septa

within the calicle, but also thickens the column between the

costffi outside it, is that which lies at the base of Lithophyllia.

It is true that emphasis has not hitherto been laid upon this

point, for the sim)>le reason that the ])rotothcca had first to

be discovered. Milne-Edwards and Haime merely remark
that dissepimental tissue is very abundant, wiiile their classing

Mussa with Lithophyllia shows clearly indeed that the

arrangement of the dissepimental tissue had not been analyzed.

On tiie other hand Knorr, to whose figure among others

Milne-Edwards and Haime refer as a type of L. licera,

mentioned the "stony films round the foot " and described

the impression made upon him by the words " new crowns
continually covered up the old ones^ The meaning of this

otherwise enigmatical saying is quite clear when we glance

at the diagram (fig. 15) here given. We conclude, then,

that there is no generic difference between Moseleya and
Lithophyllia and that tlie genus Moseleya is superfluous. At
tlie same time it is due to Mr. Quelch to point out, (1) that

the analysis of the essential structure of Moseleya was hardly

to be discovered from the single specimen at his disposal at

the time, and (2) if it had been, there was no existing descrip-

tion of Lithophyllia which would greatly have helped him.

'i'he calicle of which he made a section was old, very much
flattened, and souiewluit distorted, and with the tissue on its

exposed side largely killed down. This latter point is of

gieat importance, for it is the structure of the sides of the

column winch is essential to a correct diagnosis. Once,

however, the clue is given, which is supplied in abundance

by the new specimens, the structure is easy to comprehend.
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With tlie striking superficial resemblance to Cyatliopliyllidffl

to mislead him, it is no wonder that Mr. Quelch was misled.

Nor do I see how his chiim could have been disproved without

a clear understanding of the position of the prototheca in

coral morphology.
While on tliis subject I may point out that Mr. Quelch's

figure (/. c. pi. xii. no. 5) of a small calicle of Moseleya

showing marked tetramerai symmetry is seen on the actual

specimen to have been distorted by too close contact with the

shell of a moUusk much larger than itself. Its internal

arrangement is not quite normal. Mr. Pace has presented

the Museum witli over a dozen specimens, most of them
single forms in all stages of growth, and not one shows any
such striking tetramerai arrangement. On this subject of

tetramerai symmetry in the so-called " Rugose " division of

the Madreporaria I would refer the reader to what is said

above (p. 11).

Whether, after all, the subsequent classification of the

Lithophyllidaj will ultimately admit of the existence of a

genus Moseleya among them I cannot say. In this paper I

am only concerned in showing that it has no place among
the Cyathopliyllidaj. The latter are characterized by extreme
simplicity of protothecal modification, the Lithophyllidie by
great complexity ; they are at opposite ends of the evolution

of the coral skeleton.

Before closing this section I should like to refer once more
to the difference between tlie principles of modifying the

prototheca shown in diagram fig, 13 k and diagram fig. 15.

in both the soft parts bag over and reach the ground, but in

the former the lip grows with the growing of the soft parts

and its bend is a true bend. In fig. 15 the soft parts seem
to overflow the edge of the cup too rapidly actually to bend
the edge. Only alter they have taken up their new position

do they secrete a layer on the outer side of the cup, and this

layer is practically the homologue of the bent-down edge
shown in fig. 13 h. The two methods are thus clearly

distinct, but it is not always easy to say whether a particular

case belongs to the one or to the other. For instance, in those

specimens of Litho-pliyllke in the Museum which have the

corallites crowded together and forming pseudo-colonies, it is I

frequently noted that where the interseptal loculi of adjacent

corals run into one another the dissepiments are everywhere
arched, suggesting an open bend of the thecal lip, such as is

shown in the diagram fig. 13 /^, or even more resembling the

bend of fig. 1 3 g, or even of 13/. But in the specimens with
single corallites the actual lip of the theca is mostly a solid plate
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like those shown in diagrams figs. 14 or 15, and from It the

dissepiments slope away on the one side into and across the

calicle, and on the other down to tlie substratum. But it is

doubtful whether an actual section of the wall would sliow

that structure so straight and continuous as it is shown
diagrainmatically in the figure (15), and it is quite certain

that the tabulae would not be so regular and complete.

It was some such case as that just referred to (?a specimen

of Acarithastrcea), in which vesicular arched walls separated

calicle from calicle, that inspired the diagram given by me on

pi. xxxiii. fig. 10 in vol. xxvi. of the 'Journal of the Linnean
Society of London.' I am not yet, however, prepared to

answer the question as to which of the two metliods of edge-

zone formation we have just been comparing —that of fig. 13 h

or of fig. 15—the actual case was due. For, as we have
just seen, the Lithophrjllice show that the smooth, arched,

vesicular dissepimental wall might be a secondary modifica-

tion, and due to colony formation, of the true edge-zone

formation of fig. 11, which is the subject of this section.

V. Early Budding and Colony Forntation. —In vol. iv. of

the ' British Museum Madreporaria,' Introduction, p. 23, I

suggested a restricted use of the word " astra^iform," viz.

to colonies of calicles all reaching to the same height and
without any apparent tendency to grow and bud independently.

The true asfraiiform colony is therefore that built up by a

calicle which is by habit low and whose buds spread laterally

over the substratum all round the parent. The grou])

Aslraidw as now understood consequently cannot be a natural

one. It appears to me that we may have astrisiform colonies

of corals whose protothecae are modified upon very different

plans. And it is on these modifications of this fundamental

element that the ultimate classification will have to be based.

Wemight expect, then, a great development of astraiiform

colonies among the Palajozoic corals from the forms in which
the prototheca was early flattened out in the ways described.

We might also expect that it would be those methods of

fiattening out which were from the first symmetrical;, because

if the parent had acquired its flattening as a secondary

matter, after having perhaps at one time fallen over, it could

hardly be expected that the buds would appear with the

necessary flattened symmetry straight away, although in some
of the Astrffiid forms with very large calicles this must
apparently have taken place.

While I think these conclusions are perfectly justifiable,

we learn from the researches of Lindstrom that one great

group of Palaeozoic astrteiform corals with very small calicles^
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e. g. the genus HeUolites, developed from a prototlieca which
liad fallen over. From Lindstrom's figures* we gatlier that

the lip which touched the ground expanded as a flattened

epitheca over the substratum, and buds appeared at intervals

upon it. Especially ciiaracterislic are the various wrinklings

and ridges which appear on the upper face of the epitheca

between the buds. As the living layers were periodically de-

tached from and rose above this epitheca they secreted tabulate

floors, which repeated its wrinkles and foldings. In this way
the structure seen in the section typical of the Heliolitidte was
produced. Tlirough the tabulate lamina which form the

bulk of the coral the calicles run as tubes, while smaller tubes

also appear in many cases in the intervening tabulate tissue.

These smaller tubes receive their explanation as the continua-

tion of the folds or wrinkles already mentioned through the

whole series of tabuke. Such folds or wrinkles would run as

naturally through a series of tabular as the septa run appa-

rently continuously through the tabulas of Montlivaltla, as

already explained in fig. 3 and p. 8.

If, however, we had had no knowledge of the origin of

JlelioUtes, we should have assumed that it had been built up
of calicles with the form shown in fig. 13./. And, indeed,

this is the form which the calicles of the adult colony assume,
but it is not arrived at by a symmetrical outward folding of

the rim of tlie prototlieca, but indirectly from a parent the

unmodified prototlieca of which fell over in the way already

described. Weowe the small size of the calicle of Ileliolites

to this fact.

The chief difFtrence between the Paleozoic and Hecent
astrffiiform corals is due entirely to the more recent development
of the radial or septal, as compared with the concentric, proto-

thecal foldings. In Palaeozoic times the former were not very
pronounced, so that the flattened or curved sides of the proto- '

thecal cups with their tabulate floors formed the most cliarac-

teristic portion of the skeleton. The cup was, however,
never quite flattened out, there is always the remains of the
bend where tiie lip first turned over. These bends frequently
form ring-folds (see fig. 13^), which become the walls of the 1

fossa3, while tabula? form not only the floors of these fossa3, I

but also the areas which intervene between the fossae. These
areas are variously sculptured with radial septa, and when
the respective areas of the individual calicles are not marked I

off from one another, the septa of one may run into the septa '

* See K. Sv. Vet.-Akad. Haudl. xxxii. (1899), pi. i. figs. 25-28. Com-
pare the case of Pal(soci/clus referred to above.
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o£ those around it, as, for instance^ in Darwinia and

Phillipsastrcea.

On turning to modern Astrreida?, we find tliat the tabulate

character of the Palaeozoic corals has become obscured, on

the other hand the septa have become prominent. These

conspicuous radial folds of the prototheca make it difficult to

discern the exact character of the concentric foldings of the

protothecal wall.

I would suggest that, as a rule, the rising of the radial

septal folds has also raised the concentric rim-folds. We
might diagrammatically express it by imagining a calicle

like that in figure 13 j becoming changed into the form

shown in fig. 16, which represents a calicle with high double

walls, and on each side of it a smaller bud. Wemay assume

that the tall ring-fold has been formed at the expense of the

earlier horizontal tabulate area round the fossa. It is im-

possible here to attempt any review of the many Astra^id

forms, but, speaking roughly, they are built of groups of low

calicles with the prototlieca3 modified in this way. The
difference between this and tiiat shown in diagram fig. 14 is

that the calicle is shallower and more open.

Without professing any intimate knowledge, I am inclined

to believe that most of the different forms now included

among the modern Astraiidce may be referred to variations :

—

(1) In the distances of the corallites from one another

:

(a) they may be wide apart, as in Orbicella, Solenastrcea,

Edmiopora, &c. ; (U) they may be close together, Favia,

Diplon'a, &c.
;

(c) they may be so close that the outer wall

of the parent supplies the inner wall of the bud, Prionastrcea,

Goniastnea, Leptastrcea'^ , &c.
;

{d) even these single division-

walls may be incomplete, IJydnophora.

(2) In the ways the intercalicinal valleys are filled up.

(3) In the characters of the septa and in the way in which

they come over the edges of the fossaj and are distributed on

the surfi'ce of the intervening tissue.

Concluding Notes on the Terminology of the Walls.

A wall built by a direct continuation of the edge of the

prototheca should, I think, be called prototheca f. These

* The Paljeozoic Michelinia miglit be regarded as tlie morphological

equivalent of these forms before the development of septa disguised the

protothecal cups.

t The term epitheca may be retained in its usual sense, and be under-

stood to refer to all traces of the primitive undiffereutiattd protothecal

wall and rim, even though thev have lost all signs of having been once

parts or expansions of a cup,
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primitive protothecal walls, recognized by Miss Ogilvie as

equivalent to epitlieca, have been hitherto called eutheca.

But proto- is a more appropriate affix to express primitive

simplicity than eu-, which better denotes some special excel-

lence. Hence I propose, once more, that eutheca be applied

to those \valls which have been thickened, ornamented outside,

and cemented firmly to the substratum in the way described

above (p. 22) and illustrated in diagrams figs. 13 h, 14,

and 15.

Wenow come to the term " pseudotheca " of Heider. This

is applied to cases in which the septa are so crowded together

that they fuse along lines which together constitute a fairly

symmetrical solid thecal ring. The parts of the septa within

this ring are septa proper and tlie parts without are costte.

Now I cannot help doubting whether this differs in any
respect from the eutheca, for it is obvious that a eutheca, as

here understood, over which the septa ran close together,

would give exactly the same result.

The suggestion that this wall is built wholly of fused septa

does not take the possibility of a ring-fold into account. But
from the review of coral morphology here set out it would
appear that the ring-fold was a more primitive structure than

the radial septa. I'urther, it is really impossible in a matter

of such complicated folds to say how much at their points of

crossing belongs to the radial and how much to the con-

centric elements.

That the concentric element plays a part we gather from
the fact that dissepiments frequently slope up the intcrseptal

loculi just as if, had there been space enough, they would
mount over the walls. This giving off of dissepiments

means that the basal floor shares in the formation of the wall.

What is usually called pseudotheca, then, is to my mind
simply a modification of the eutheca as here understood, and
the word, if retained at all, should have a new significance.

My own proposal is to apply it in the sense of Ortmann's
*' athecalia " *. This term was suggested by that author for

the Perforata in which the protothecal cup, being entirely

flattened out, a new secondary theca rises up formed entirely

out of septa with their synapticular junctions. Now it is

obvious that no part of the old protothecal rim is found in

this new septate thecal wall, and to mark the total distinction

between this and all the wall-formations made by folds of

the true lip of the prototheca, it might well be called pseudo-

theca.

* Zool. Jahrb. (Syst. Abth.) iv. 1889, p. 493.



Prototlieca of the Madreporana. 31

The term " athecalia " of Ortmann, it may be remarked, lias

not been very well received, for it is certainly not true that

the corallites, say, of Madrepora have no thecaj. The very
opposite is the case; the thecas are most pronounced. What
we want to express is that these theca; are morphologically

distinct from the original theciie of the Madreporaria, and no
better term could be employed than that here suggested

—

pseudotheca.

I amaware that a long critique of the views and suggestions

of other workers on the subject of the wall should be offered

before proposing a revision. But I have the excuse that the

revision of the terminology here suggested rests upon a

somewhat far-reaching revision of the skeleton. A closer

comparison of the terminologies would involve a closer com-
parison and criticism of the views on the wall-structure of each
different author, some of wdiich are, I confess, not always
clear to me. Indeed, we seem to have had enough of detailed

and complicated discussion. The great want is some simple
working hypothesis which will enable us to coordinate the

facts.

My own work has convinced me that some order appears
out of the chaos if we recognize the prototheca and give it

the important place in the morphology of the coral skeleton

here all too briefly sketched.

In conclusion, I should like to emphasize the fact ihat this

paper is intentionally devoted to the prototheca and its con-

centric modifications —that is, to those modifications which
alter its cup-shape concentrically. Only occasionally and
where necessary reference has been made to the great and
complicated system of radial wall-folds which are the most
characteristic structures of the stony corals. These have,

however, claimed the attention of workers too exclusively in

the past. Weshall only be able to obtain a true insight into

the evolution of the coral skeleton when we understand both

systems of modification —the more primitive concentric and
the later radial —and can trace out their influences on one
another. It is to me a matter of sincere regret that this

paper was not published prior to Miss Ogilvie's comprehensive
and patient treatise on the septa, for her valuable observations

would then, I am convinced, have admitted of more precise

and coherent treatment.

EXPLANATIONOF PLATE I.

Fi(j. L The three earliest growtla-periocla of <i primitive Madreporarian.
The thiclc hasnl part is the prntotheoa (^en:i. !>tn'rf.), see tio-. 2.
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The curved line a represents the secretion of the basal skin

after it has been dragged (?) out of the prototheca by the

growth of the walls in height; b represents the secretion

formed by the skin after it has become detached from a.

Fig, 2. The same regarded hypothetically as three separate cups, the

lowest thick-walled cup being the prototheca (sens, strict.) ; in

it cup a a a is inserted, and cup hhb maaa.
Fig. 3. A diagram to explain the morphology of Montlivaltia, The

early cups rapidly expand and eventually become a series of

saucers, ee . ., supported above one another by the septal folds

which run continuously upwards. On the right half of the

figure the upper part is in section, showing the tabulate floor

and the irregularly bent-up rim. On the left half these rims

are shown from the outside as irregular bauds of epitheca

running round the coral.

Fig. 4. An early stage like that of fig. 1, but, having fallen over and
resecreted itself at ff, it bends upwards again. The bagging
of the detached basal skins will take the shapes shown, and
the fossula in the bases of the cups will be on the convex or

dorsal side of the curved skeleton.

Fig. 5. A diagram to show how, if the prototheca proper was wide-
mouthed when it fell over, the fossula will come over to the

ventral or concave side, a is again the spot where the coral

secretes a new attachment.

Fig. 6. The diagrammatic representation of the arrangement of the

septa in the so-called Tetracorallia. It receives a simple

explanation as due to tlie necessary rearrangement of the septa

in a coral which fell over and was bending up again. See text,

p. 11.

Fig. 7. Diagram to illustrate the method of budding of a prone proto-

theca and the subsequent bending upwards of parent and buds
which might give rise to such a form as Ilulijsites.

Fig. 8. Two figures of radicle-formation, aftor Lacaze-Duthiers.

Fig. 9. Diagram to illustrate the one-sided bend-over of tlie prototheca

such as it is suggested would give rise to the Znphrentis
giga7itea of Milne-Edwards and Haime. See text, p. 14.

Fig. 10. Diagram to explain the early flattening out of the prototheca in

the Perforata. The rim of the cup creeps outwards all

round, generally with successive slight bendings up and theo.

down again.
|

Fig. 11. Diagram of the early stages in Palceocyclus. The protothecd
proper seems to have fallen over and then suddenly to have
widened out, the repetition of this is still more widened out^.,

and so on. What appears to have been a wa-inkled basail

epitheca is not a continuous groNsth like that in fig. 10, but a
repetition of so many separate protothecal rims.

)

Fig. 12. Diagram of the early stage of Cgclolites. The prototheca i^.

nearlj' flattened out, but it is still repeated continually, only-

instead of the secretions of the successively detached skin/s

forming continuous tabulse, they are broken up into vesicular

dissepiments. Here also what appears to be the wrinkled,
epithecal floor is in reality a concentric series of separate rimsi.

Figs. 13 a-g. Various forms assumed by the protothecss in Palseozoid:

corals, all in the direction of becoming flattened out. The!
developmental transitional stages between the deep proto-j

theea and these adult forms have still in many cases to bd
worked out. '

/
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Figs. 13 A and/. Two types of foldings of the wall of the prototheca

—

h, seen in Calostylis
; j, common in early astr.eiform colonies,

e. g. HelioliteH,

Fiy. 14. Diagram to show the overflow of the prototheca by soft parts

which bag all round down to the ground and form a new
fleshy foot. This secretes a pedestal which can fix the proto-

theca firmly to the substratum and doubles tlie thickness of

the protothecal ^v•all, This, it is suggested, should be called

the eutheca.

Fiy. 15. Diagrammatic section of a Lithophyllia. Large wing- like septa
radiate out over the wall, and dissepiments are formed on
both sides of it; within the calicle they slope inwards, ou its

outer side they bend down aud thicken the column with
vesicular tissue between the costse. Mr. Quelch's genus
Moseleya is built on this plan, and cannot therefore be a
Cyathophyllid with prototheca modified on one of the simpler

plans shown in figs. 13 a-f.
Fig. 16. A diagram to illustrate the principle of structure characterizing

the modern Astrieidas : 1 is the central parent calicle with
the prototheca moditied somewhat as in fig. 14 ; 2, 2 represent

buds from the lateral edges, the budding thus resulting in

the production of an astraeiforni colony.

ir.

—

Some Parasitic Bees. By T. D. A. COCKERELL.

Ccelioxifs rihisj var. Kincaidi, u. var.

? . —Length 11-13 millim., the difference in size partly

dependent on the extension or retraction of the apical part of

the abdomen.
Similar in all structural characters to C. ribis, but the

pubescence of the head and thorax is ochi'eous, the basal part

of the third abdominal segment is more sparsely punctured,
and the apical dorsal plate has the apex beyond the slight

lateral constriction a little more produced. There are distinct

and conspicuous transverse grooves across the middle of the

second and third abdominal segments, but not on the fourth

or fifth. Tibial spurs black.

Hah. Olympia, Washington State, June 9 to 24, 1895,
June 2(), 1896, five females {T. Kincaid).

This is the first Coelioxys recorded from the north-west.
It is quite different from rihis in appearance, but structurally

it is almost the same, having the same sculpture on the
penultimate ventral segment, &c. A male collected by
Mr. Kincaid at Olympia, June 18, 1895, is presumed to

belong to G. rihis Kincaidi, though the pubescence (especially

on the face) is white. This male almost exactly agrees with
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